Annual testicular events in free-living Roseringed Parakeets were studied in relation to climatological variables over three consecutive years. Functional status of the testis was determined from paired testicular weight, seminiferous tubular diameter, spermatogenetic index, Leydig cell nuclear diameter and quantity of total testicular cholesterol. Based on these analysis the annual testicular cycle was divided into five different phases, namely regenerative or preparatory phase (May-August; resting spermatogonia present in the regressed tubules); progressive phase (Sept.-Dec.; recrudescence of gametogenesis occurs); prebreeding phase (Jan.-Feb.; spermiogenesis starts but at slow rate); breeding phase (March; active spermatogenesis occurs); and regressive phase (April-May; degenerative changes occur in the germ cells). A new generation of Leydig cells appeared during the preparatory phase and matured during the progressive phase. Signs of Leydig cell hyperactivity were detectable till the end of the breeding phase. However, statistical analysis failed to identify any environmental component that may have induced seasonal testicular maturation in free-living Roseringed parakeets.
Introduction
Reproduction in a majority of birds occurs at the time of year that is most favorable to the survival of the young and their parents. To select the most favorable time, birds have evolved response mechanisms to synchronise breeding with the most appropriate season (Farner & Gwinner 1980 , Wingfield 1980 , 1983 , Farner 1985 . The environmental components which may be used in timing reproductive function include photoperiod, rainfall, humidity, temperature and food. The degree of reliance on these environmental factors seems to be species specific (Lofts 1975) .
Existing literature suggests that in temperate zones, seasonal day length variation serves as the primary means of timing periodic functions (Lofts & Murton 1968 , Murton & Westwood 1977 , Wingfield & Farner 1980 , Wada 1984 . In tropical zones, the environmental information used by the birds for initiation and termination of breeding is mostly unknown and varies according to species (Wingfield & Farner 1980 , Thapliyal 1981 . Moreover, studies on different species of birds have indicated the possibility of involvement of more than one environmental factor (Chandola et al. 1983 , Saxena & Saxena 1984 or presence of an endogenous circannual rhythm (Thapliyal 1978 , 1981 , Bhatt & Chandola 1985 , Bhatt et al. 1986 or direct influence of photoperiod (Chandola et al. 1983 , Gwinner & Dittami 1985 in the process of regulation of annual reproductive cycle in low latitude birds. On the basis of these results, the role of environmental components in the control of gonadal functions in sub-tropical birds appears to be In view of that, an attempt was made to carry out the present investigation in Burdwan (Lat. 23°14'N, Long. 85°51'E) with the use of a sub-tropical Psittaciformes bird, the Roseringed Parakeet, Psittacula krameri. The objective of this investigation is to explore annual histophysiological events in the testes in relation to the annual changes in surrounding climatological factors such as photoperiod, ambient temperature, humidity and rainfall for elucidation of the possible role of one or more environmental factors in the process of determination of sexual periodicity in the male parakeet.
Materials and Methods
Adult male Roseringed Parakeets (Psittacula krameri: Ayes; Psittaciformes; Psittacidae) were used for the present investigation. Adult parakeets are sexually dimorphic. Unlike females, the adult male parakeets show a rose ring on the throat that appears after the first winter and remains unchanged throughout life (Ali & Ripley 1969) . This morphological feature of the species has been used for the selection of adult birds throughout the period of investigation. The birds were captured from the adjacent areas of Burdwan (Lat. 23°14'N, Long. 85°51'E) and were supplied to the laboratory within 3-4 days of capture from wild. At least 5 birds were procured twice a month (i.e. at least 10 birds in each month) at a regular interval of two weeks during the period of July 1986 to June 1989. Altogether a total number of 405 birds were used in this investigation. The birds were maintained in laboratory under unaltered environmental photoperiod, humidity and temperature with food (paddy) and water ad libitum for a week prior to use in laboratory investigations. In each time, the parakeets were sacrificed between 1400h to 1600h by cervical dislocation. After taking body weight, quick dissection was followed to remove both the testes from the abdomen. The testes of individual birds were freed from extraneous tissues, soaked in blotting paper and were weighed in a balance sensitive to 0.01mg. each specimen with a calibrated microscope ocular (Maitra & Ghosh 1981 , Maitra 1986 , 1987 . This parameter is considered a very accurate index of the testicular activity and available FSH in the concerned species of birds (Siegel & Siegel 1964 , Lofts et al. 1973 , Ishii & Yamamoto 1976 , Murton & Westwood 1977 .
2.Leydig cell nuclear diameter Diameters of 50 nuclei of Leydig cells from the sections of an individual testis were measured with the help of a calibrated eye piece ocular under oil emersion for drawing the mean value (Maitra & Ghosh 1981 , Maitra 1986 , 1987 . This parameter has been considered as an index of steroidogenic activity of the concerned Leydig cells (van Tienhoven 1968 , Jones 1970 , Lofts et al. 1973 , Temple 1974 , Murton & Westwood 1977 . 1977 , Maitra & Ghosh 1981 , Maitra 1986 , 1987 has been used as the index of spermatogenetic activity in the concerned bird. Gonosomatic index Consideration of the gonosomatic index (paired testes weight/ 100gm body weight in individual bird) revealed precise annual cyclical changes in paired testicular weight, which remains in a steady state condition during May to November but undergoes progressive rise from December onward till that reaches seasonal peak in March followed by sudden fall in April to repeat the cycle (Fig. 1) . Interstitium contains undifferentiated juvenile Leydig cells (During the month of August). resting phase, were found during the month of September but the number of tubules containing primary spermatocytes as most advanced germ cell was maximum in October (Fig. 3) . Secondary spermatocytes and spermatids appeared in January. Although sperm formation started in January, maximum number of sperm containing tubules (Fig . 4) were found in March. Sudden degenerative changes in the germ cells were noticed with the onset of April (Fig. 5) Quantitative estimation of total cholesterol Maximum seasonal value of total testicular cholesterol was recorded in November, which was followed by gradual decrease till the annual value became lowest during March. The value did not vary to a great extent during the months of April to July, but a steady rise towards annual peak occurred thereafter (Table 1) . Table 2 in the form a matrix of partial correlation coefficients. The statistical analysis indicates that none of the climatological variables show any significant relationship with either testicular event in an annual cycle within the period of present observations. However, a positive correlation was found in between ambient temperature and photoperiod, in between relative humidity and rainfall, and also among different studied parameters of testes in Roseringed parakeets (Table 2) . Monthwise changes in Leydig cell nuclear diameter showed a statistically significant negative correlation with the values of total testicular cholesterol ( Major aspects of annual cyclical changes in testis The present study on different components of testis revealed that within a year paired testes weight and seminiferous tubular diameter show peak values in March, when maximum number of seminiferous tubules contain matured sperm. Sudden fall in each of these values occurs in April. Initiation of gametogenic recrudescence occurs in September but the testes weight at that time does not show any significant change from the preceding months. This observation supports the contention that actual activation of the gonad may occur even before it is reflected in its weight value (Lofts et al. 1973 , Maitra & Ghosh 1981 .
From the stand point of the histological changes occurring in the testes, the annual reproductive cycle of the male parakeet can be divided into 5 phases, each with its own characteristic features (Table 3) .
Although similar classification of the annual testicular cycle has been done with other avian species (Lofts & Murton 1973 , Murton & Westwood 1977 , Thapliyal 1978 , 1981 , Kumar & Tewary 1985 , Maitra 1986 , in periodicity and duration of different phases the present study corresponds to that in another species of psittacine bird (Psittacula cyanocephala; Maitra 1986). But it is notable that in an annual testicular cycle of blossomheaded parakeet (Psittacula cyanocephala ), the Leydig cells show the features of maximum seasonal activity (during January) before occurrence of maximum spermatogenetic activity in March (Maitra 1986). In the present studied case, it is found that heightened seasonal gametogenic activity almost parallels that in steroidogenic component of the testis (see Fig. 1 ).
Considering the features, such as an increase in nuclear diameter of Leydig cells (Jones 1970) and decrease in testicular cholesterol (Johnson 1970 , Guraya 1976 , Silverin 1978 , as the indices of higher endocrine activity in avian testes, it seems likely that endogenous titer of testosterone in the present studied parakeet (Psittacula krameri ) remains at a high level for a longer duration compared to that in an other psittacine bird (Psittacula cyanocephala). Because of the stimulatory action of testicular hormones on the weight and volume of avian testes (Murton & Westwood 1977) , probably the relatively higher endogenous titer of testicular hormone for longer duration accounts for higher value of gonosomatic index (about 500mg/100gm b.wt.) in Psittacula krameri than that in Psittacula cyanocephala (180mg/100gm b.wt.) during identical phase (March) of heightened breeding activity. However, validation of the statement demands further studies involving direct measurement of endogenous titer of testosterone.
Annual cyclic events in testes and different climatological factors in surrounding environment The present study in three successive years clearly shows that wax and wane in different features of testicular activities in Psittacula krameri occur in a precise time bound manner. Existence of the action of exogenous annual cues in the periodicity of the annual reproductive cycle in Psittacula krameri may be suggested with the view (Gwinner & Dorka 1976 , Farner & Gwinner 1980 ) that the annual cycle with the period of exactly one year is found under natural conditions. But statistical analysis failed to demonstrate any significant correlation between the annual testicular events and either of the currently considered climatological variables during the period of investigation. Nevertheless, exploration of phenological interrelationship, if at all exists, between the annual cyclicity of testicular activities in the studied parakeets and that of major components of the surrounding environment may lead to certain speculation.
Importance of rainfall as the predictive environmental factor controlling sexual cycle in tropical birds has been indicated by earlier workers (Lack 1950 , Marshall 1961 ). But present study could not show any consistent relationship between the annual cyclicity of testicular functions and that of rainfall or relative humidity (Fig. 1) . Similarly, the role of temperature in the regulation of reproductive events, as suggested for some of the north-temperate birds (Farner & Mewaldt 1952 , Engels & Jennar 1956 , Lofts & Murton 1966 remains obscure in Roseringed Parakeets as the species shows seasonal gametogenic recrudescence in September under decreasing temperature but attains sexual peak in Extensive experimental studies have shown that seasonal recovery from the phase of testicular quiescence and further growth of testes in a photoperiodic species are the functions of short and long photoperiods respectively (Farner 1975 , Farner & Gwinner 1980 . It is notable that in free-living parakeets, seasonal recrudescence of gametogenesis and parallel maturation of Leydig cells take place after autumnal equinox and subsequent testicular developments occur after winter solstice. Thus this may not be unwise to speculate that the attainment of peak in annual testicular function in parakeets may be influenced by the duration of photoperiod (Farner & Wilson 1957 , Middleton 1965 , Lal & Thapliyal 1985 , Maitra 1987 . Probably a conspicuous correlation between the annual cyclicity in the duration of solar day and that in testicular events in parakeets has not been emerged from the present study due to the fact that termination of seasonal testicular activities occurs (in April) well before the summer solstice (June). Sudden fall in gametogenic and steroidogenic activities of testes in parakeets during April when environmental photoperiod is still increasing, may be indicative of (i) low photoperiodic threshold of the species (cf. Murton and Westwood 1977) and/or (ii) influence of a complex physiological machinery involving endogenous components (cf. Menaker 1971 , Meier & Dosseau 1973 , Farner 1975 . However, elucidation of either of these possibilities needs further experimental investigations.
